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(57) Abstract 

Tlie present mvention provides a mctiiod of fonning a medical device and medical devices which can be formed in accordance witfi 
the method. In one embodiment, the method includes the steps ofi a) piovLdlng a metal febric formed of a plurality of strands fomied <rf 
a metal which can be heat treated to substantially set a desired shape; b) deforming the metal fabric to geneiaUy conform to a suifacc of 
a molding clement; c) heat treating the metal fabric in contact with the surface of the molding clement to substantially set the shape of 
the fabric in its deformed state; and d) removing the metal fabric from contact with the molding element. The resulting metal fabnc will 
define a medical device which can be coUapscd for passage through a catheter or the like for deployment in a channel of a pauent's body. 
Medical devices made in accordance with this method can have vaiying stmcmrcs. In one embodiment, the medical device (250) is cmicd 
by a Buidewirc (260) and has a metal fabric (270) extending between fiist and second ends (272, 274), one end (274) of Ac device (250) 
being adapted to slide along die guidewire (260). TTie metal fabric (270) has a coUapsed configuration in which the ends (272 274) « die 
melal fabric (270) are spaced from one another along the guidewire (260) and a preset expanded configuraUon m which the ends (272. 274) 
of the metal fabric (270) are positioned closer to one another, m metal fabric (270) wiU cause the device (250) to dasUcaUy substantially 
resume its preset expanded configuration when released from confinement within a channel in a patient's body 
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TVnmiOD OF FORMING M EDICAL DEVICES! 
INTRAVASCULAR OCCLUSION DEVICES 



The present inveatioa generally relates to intravascular devices for treating 

S certain medical conditions and, more paxticulaily, provides a method of fonning 

intravascular devices and c^tain novel intravascular occlusion devices. The devices 
made in accordance with the invention are particularly well suited for delivery through 
a cath^er or the like to a remote location in a patient's vascular system or in 
analogous vessels within a patirat's body. 

10 ^ACl^qRQyWP QP TPE ffTVPNTTQW 

A wide variety of intravascular devices are used in various medical procedures. 
Certain intravascular devices, such as catheters and guidewires, are generally used 
sunply to deliver fluids or other medical devices to specific locations widiin a patient's 
body, such as a selective site within the vascular system. Other, frequently more 

IS complex, devices are used in treating specific conditions, such as devices used in 
removing vascular occlusions or for treating septal defects and the like. 

In certain circumstances, it may be necessary to occlude a patient's vessel, such 
as to stop blood flow through an artery to a tumor or other lesion. Presently, this is 
commonly accomplished simply by inserting, e.g. Ivalon particles, a trade name for 

20 vascular occlusion particles, and short sections of coil springs into a vessel at a desired 
location. These "embolization agrats" will eventually become lodged in the vessel, 
frequently floating downstream of the site at which they are released before blocking 
the vessel. In part due to the inability to precisely position flie embolization agents, 
this procedure is often limited in its utility. 

25 Detachable balloon catheters are also used to block patients' vessels. When 

using such a catheter, an expandable balloon is canied on a distal end of a catheter. 
When the catheter is guided to the desired location, the balloon is filled with a fluid 
until it substantially fills the vessel and becomes lodged therein. Resins which will 
harden inside the balloon, such as an acrylonitrile, can be employed to permanently fix 
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fl.e size and shape of the balloon. The balloon can then be deuched fn,m the end of 

the catheter and left in place. 

such balloon embolizations aie also prone to certain safety problems, though. 
For example, if the balloon is not filled enough . it wiU not be fmnly fixed in the 
vessd and may drift downs.i«un within the vcssd to another locati^^^ 
loose embolization agents noted above. In order to avoid this problem, physicians may 
oveifiU the banoons; it is iKit uncommon for baUoom to 11.^ 

into the patient's bloodstream. 

In still other procedures, it may not be necessary to permanently occlude a 
vessel but h may be necessary to provide a filter or the like to pr^rent thrombi^ 
passing a particular location. For example, rotating butrs are used in removing 
atheromafromthehimenofpatients'bloodvessels. These bum can ef&cUvely 
dislodge the atheioma. but the dislodged material wiU simply float downstream with 
the flow of blood through the vessel mdess steps are taken to caph«e the materud. 

Some researchers have pnjposed various traps or fiheis for capturing the 
particutate matter released or created in such procedures. However, such fillers 
generally have not proven to be exceptionaUy effective in actual use. Such filters tend 
to be cumbersome to use and accurate dqdoyment is problematic because if they are 
not properly sealed in the vessel they can drift to a more distal site where they arc 
likely to do more harm than good. In addition, these fdters are generally capable of 
only trapping relatively large thrombi and are not effective means for removing smaller 
emboUc particles from the blood stream. 

The problems with temporary filters, which are intended to be used only during 
a particular procedure then retracted with the thrombi tnqiped therein, are more 
pronounced. Even if the trap does effectively capture the dislodged material, ft has 
proven to be relatively difficuU or complex to retract the trap back into the catheter 
through which it was delivered without simply dumping the trapped thrombi back into 
the blood stream, defeating the purpose of the temporary filter device. For this 
reason, most atherectomy devices and the like tend to aspirate the patient's blood 
during the procedure to remove the dislodged material entrained therein. 

Mechanical embolization devices, filters and traps have been proposed in the 
past. Even if some of those devices have proven effecUve. they tend to be rather 
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expensive and time-consuming to manufacture. For example, some intravascular blood 
filters suggested by othere are formed of a plurality of specially-shaped legs which are 
adapted to fill the vessel and dig into the vessel walls. In making most such filters, 
the legs must be mdividually foimed and then p a ins ta king ly attached to one anotter, 
frequently entirely by hand, to assemble the final filter. Not only does this take 
significant skiUed manpower, and hence increase the costs of such devices, the fact 
that each item must be made by hand tends to make quality control more difficult. 
This same difficulty and ejqjense of manufacturing is not limited to such filters, but is 
experienced in many other intravascular devices as well. 

Accoidingly, it would be desirable to provide a m^od for forming devices for 
deploymait in a vessel in a patient's vessel which is both economical and yields 
consistent, repnxiucible results. It would also be advantageous to provide a reliable 
embolization device which is both easy to deploy and can be accurately placed in a 
vessel. FuTthennorc, there is a need in the ait for a trap or filter which can be 
dq)loyed within a vessel for capturing thrombi, which tnp can be reliably deployed; if 
the trap is to be used only temporarily, it should be readily withdrawn from the patient 
witfiout umply dumping the tn^pped thrombi back into the blood stream. 

STTMM ARY OP THE INVENTION 

Hie present invention provides a method for forming intravascular devices from 
a resilient metal fabric and medical devices which can be formed in accordance with 
this method. In the method of the invention, a m^ fabric fonned of a plurality of 
resilient strands is provided, with the wires being formed of a resilient material which 
can be heat treated to substantially set a desired shape. Tliis fabric is then deformed to 
generally conform to a molding surface of a molding element and the fabric is heat 
treated in contact with the surface of the molding elem^ at an elevated temperature. 
The time and temperature of the heat treatment is selected to substantially set the fiabric 
in its defonned state. After the heat treatment, the fabric is removed from contact 
with the molding element and will substantially reudn its shape in the deformed state. 
The fiibric so treated defines an expanded state of a medical device which can be 
deployed through a catheter into a channel in a patient*s body. 

In accordance with the method of the invention, a distal end of a catheter can 
be positioned in a channel in a patient's body to position the distal end of the catheter 
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adjaceat a treatment site for treating a physiological condiUon. A medical device made 
in accordance with the process outlined above can be collapsed and inserted into the 
lumen of the catheter. The device is iiiged through the catheter and out the distal end, 
whereupon it wiU tend to return to its expanded state adjacent the treatment site. 

Further embodiments of the present mvention also provide specific medical 
devices which may be made in accordance with the present invention. Such devices of 
the invention are fonned of a metal fabric and have an expanded configuration and a 
collapsed configaration. Hie devices are collapsed for deployment through a catheter 
and, upon exiting the distal end of the catheter in a patient's channel, will tesiliently 
substantially return to their ejqMnded configuration. In accordance with a first of these 
embodiments, a generally elongate medical device has a generaUy tubular middle 
portion and a pair of expanded diameter portions, with one expanded diameter portion 
positioned at either end of the middle portion. In another embodiment, the medical 
device is generally beU-shaped, having an dongate body having a tapered first end and 
a larger second end, the second end presenting a febric disc which will be oriented 
generally peipendicular to an axis of a diannel when deployed thmnn. 

pPTCP DPijCRTPTTON OP THE DRAWINGS 
Figures lA and IB each dqrict a metal fthric suhable for use with the 
invention; 

Figures 2A and 2B are a side view and a perspective view, respectively, of a 
molding element and a length of a metal febric suitable for use in forming a medical 
device in acconlance with tfie invention, flie mold being in a disassembled state; 

Figure 3A is a perqwctive view showing the molding elemrat and metal fabric 
of Figure 2 in a partially assembled state; 

Figure 3B is a close-up view of flie highli^ted area of Figure 3A showmg the 
compression of ttie metal fabric in the molding element; 

Figure 4 is a cross-sectional view showing the molding elonent and metal 
febric of Figure 2 in an assembled state; 

Figures 5A and 5B are a side view and an end view, re^ectively, of a medical 
device in accordance with the invention; 
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Figures 6A-6C are a side view, an end view and a perspective view, 
respectively, of a medical device in accordance with another embodiment of the 
invention; 

Figure 7 is a side, cross sectional view of a molding element suitable for 
forming the medical device shown in Figures 6A-6C; 

Figure 8 is a schematic illustration showing the device of Figures 6A-6C 
deployed in a channel of a patient's vascular system to occlude a Patent Ductus 
Arteriosus; 

Figures 9A and 9B are a side view and an end view, respectively, of a medical 
device in accordance with another onbodiment of the invendon; 

Figure lOA is a side view of one molding element suitable for formiiig the 
invention of Figures 9A and 9B; 

Figure lOB is a cross-sectional view of another molding elonent suitable for 
forming the invention of Figures 9A and 9B; 

Figure IOC is a cross-sectional view of still another molding element suitable 
for fotming the invention of Figures 9A and 9B; 

Figure llA is a schematic side view of yet another medical device made in 
accordance with the invention showing the device in a collapsed state for deployment 
in a patient's vascular system; 

Figure 1 IB is a schematic side view of the medical device of Figure llA in an 
e^qpanded state for dq)Ioyment in a patient's vascular systrai; 

Figure 12A is a schematic side view of an alternative embodiment of the 
invention of Figure 11 A showing the device in a collapsed state within a catheter for 
deployment; 

Figure 12B is a schematic side view of the device of Figure 12A showing the 
device deployed distally of tiie catheter; 

Figure 13 is a schematic perspective view showing a medical device in 
accordance with yet a further embodiment of the invention collapsed within a catheter 
for deployment in a channel in a patient's body; 

Figure 14 is a schematic side view of the device of Figure 13 in a partially 
deployed state; and 
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Figuie 15 is a schematic side view of the device of Figure 13 in a fully 
deployed stale. 

pff^AH nRSatlPTTON OF THE PREFERRED EMBODIMENTS 
The present invention provides a rqroducible, rdativdy ine9q)ensive method of 
forming devices for use in channels in patients* bodies, such as vascular channels, 
urinary tracts, biliary ducts and the like, as well as devices which may be made via 
that method. In forming a medical device via the method of the invention, a metal 
fabric 10 is provided. The fabric is formed of a plurality of wire strands having a 
predeteimmed relative orioitation between the strands. Figures lA and IB illustrate 
two examples of metal fabrics which are suitable for use m the method of the 
invention. 

In the fabric of Figure lA, the metal strands define two sets of essentially 
parallel generally helical strands, with the strands of one set having a "hand**, i.e. a 
direction of rotation, opposite that of the other set. This defines a generally tubular 
fabric, known in the fabric industry as a tubular braid. Such tubular braids are well 
known in the fabric arts and find some applications in the medical device field as 
tubular lyrics, such as in reinforcing the waU of a guiding catheter. As such braids 
are well known, they need not be discussed at length here. 

The pitch of the wire strands (i.e. the angle defined b^ween the turns of the 
wire and the axis of the braid) and the pick of the fabric (i.e. the number of turns per 
unit length) may be adjusted as desired for a particular ^plication. For example, if 
the medical device to be formed is to be used to occlude the chaimel in which it is 
placed, the pitch and pick of the fabric will tend to be higher than if the device is 
simply intended to filter bodily fluid passing therethrough. 

For example, in using a tubular braid such as that shown in Figure lA to form 
a device such as thai illustrated in Figures 5 A and 5B, a tubular braid of about 4 mm 
in cfiameter with a pitch of about 50° and a pick of about 74 (per linear inch) would 
seem suitable for a devices used in occluding charmels on the order of about 2 mm to 
about 4 mm in inner diameter, as detailed below in connection with the embodiment of 
Figures 5A and SB. 
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Figuie IB illustrates another type of fabric which is suitable for use in the 
method of the invention. This fabric is a more conventional fabric and may take the 
fonn of a flat woven sheet, knitted sheet or the like. In the woven fabric shown in 
Figure IB, there are also two sets 14 and 14* of generally parallel strands, with one set 
5 of strands being oriented at an angle, e.g. generally perpendicular (having a pick of 
about 90''), with icspect to the other set. As noted above, the pitch and pick of this 
fabric (or, in the case of a knit fibric, the pidc and the pattern of the kit, e.g. Jersey 
or double knits) may be selected to qTtimize the desired properties of the final medical 
device. 

10 The wiie strands of the metal fabric used in the present method should be 

formed of a mateiial which is both resilient and can be heat treated to substantially set 
a desired sbapt. Materials which are believed to be suitable for this puipose include a 
cobalt*based low diermal ^(pansion alloy referred to in the field as Elgiloy, nidcel- 
based high-temperature high-strength **superalloys" commereially available from 

15 Haynes International under the trade name Hastelloy, nidoel-based heat treatable alloys 
sold under the name Incoloy by International Nickel, and a number of different grades 
of stainless steel. The important factor in choosing a suitable material for the wires is 
that the wires retain a suitable amount of the d^onnation induced by the molding 
surface (as described below) when subjected to a predetermined heat treatment. 

20 One class of materials which meet these qualifications are so-called sYiap& 

memory alloys. Such alloys tend to have a temperature induced phase change which 
will cause the material to have a preferred configuration which can be fixed by heating 
the material above a certain transition temperature to induce a change in the phase of 
the material. When the alloy is cooled back down, the alloy will "remember" the 

25 shape it was in during the heat treatment and will tend to assume that configuration 
imless constrained from so doing. 

One particularly prefened shape memory alloy for use in the present method is 
nitinol, an approximately stoichiometric aUoy of nickel and titanium, which may also 
include other minor amounts of other metals to achieve desired properties. NiTi alloys 

30 such as nitinol, including appropriate compositions and handling requirements, are well 
known in the art and such alloys need not be discussed in detail here. For example, 
U.S. Patents 5,067,489 (Lind) and 4,991,602 (Amplatz et al.), the teachings of which 
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are incorporated herein by reference, discuss the use of shape memoiy NlTi aUoys in 
guidewiies. Such NiTi aUoys are preferred, at least in part, because they are 
conunerdany available and more is known about handling such aUoys than other 
known shape memory alloys. NiTi aUoys are also very elastic - they are said to be 
"superelastic" or "pseudoelastk". This elasticity will help a device of the invention 
return to a present expanded cenfiguration for deployment. 

Hie wire strands can comprise a standard monofilament of the selected 
material, i.e. a standairf wire stock may be used. If so desired, though, the individual 
wire strands may be formed from "cables" made up of a plurality of individual wires. 
For example, cables formed of metal wires where several wires are heUcally wrapped 
about a centnd wire are commercially available and NiTi cables having an outer 
diameter of 0.003 inches or less can be pjuchased. One advantage of certain cables is 
that they tend to be "softer" than monofilament wires having the same diameter and 
formed of the same material. Additionally, if the device being formed from the wire 
strands is to be used to occlude a vessel, the use of a cable can increase the effective 
smfoce area of the wire strand, which will tend to promote thrambods. 

In preparation of forming a medical device in keqiing witii tiie invention, an 
appropriatdy sized piece of the metal fame is cut from ti» larger piece of febric 
which is formed, for example, by braiding wire steands to form a long mbular braid. 
Hie dunensions of tiie piece of fthric to be cut will depend, in iaige part, upon ti» 
size and shape of the medical device to be formed therelrom. 

When cutting tf« fabric to the desired dimensions, care should be taken to 
ensure tiiattite febric will not unravel. In the case of tubular braids formed of NiTi 
altoys, for example, die individual wire strands wiU taid to retom to tiidr heat-set 
configuration unless constrained. If tfie braid is heat treated to set die strands in the 
braided configuration, tiiey will tend to remain in die braided form and only tiie ends 
will become frayed. However, it may be more economical to simply form flie braid 
witiiout heat treating flie braid since die febric will be heat treated again in foraung tiie 
medical device, as noted below. 

In such untreated NiTi fabrics, the strands wiU tend to return to tiieir unbraided 
configuration and the braid can unravel fairly quickly unless the ends of the lengtii of 
braid cut to form die device are constrained relative to one another. One mrthod 
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which has proven to be useful to prevent the braid from unraveling is to clamp the 
braid at two locations and cut the braid to leave a length of the braid having clamps 
(15 in Figure 2) at either end, thereby effectively defining an empty space within a 
sealed length of fabric. These clamps IS will hold the aids of the cut braid together 
and prevent the braid from unraveling. 

Alternatively, one can solder, braze, weld or otherwise affix the ends of the 
desired loigth together (e.g. with a biocompatible cementitious organic material) 
before cutting the braid. Although soldering and brazing of NUi alloys has proven to 
be fairly difficult, the ends can be welded together, such as by spot welding with a 
laser welder. 

The same problms present themselves when a flat she^ of fabric such as the 
woven fabric shown in Figure IB is used. With such a fabric, the fabric can be 
inverted upon itself to form a recess or dq)ression and the fabric can be clamped about 
this recess to form an onpty pocket (not shown) before the fabric is cut. If it is 
desired to keq> the fabric m a generally flat configuration, it may be necessary to weld 
the junctions of the strands together adjacent the periphery of the desired piece of 
fabric before that piece is cut from the larger sheet. So connecting the ends of the 
strands together will prevent fabrics formed of untreated shapt monory alloys and the 
like from unraveling during the forming process. 

Once an appropriately sized piece of the metal fabric is obtained, the fabric is 
deformed to generally conform to a surface of a molding elemmt. As will be 
appreciated more fiiUy from the discussion below in connection with Figures 2-16, so 
deforming the fabric will reorient the relative positions of the strands of the metal 
fabric from their initial order to a second, reoriented configuration. The shape of the 
molding elment should be selected to deform the fabric into substantially the shape of 
the desired medical device. 

The molding element can be a single piece, or it can be formed of a series of 
mold pieces which togeth^ ddine the surface to which the fabric will g^ierally 
conform. The molding element can be positioned within a space enclosed by the fabric 
or can be external of such a space, or can even be both inside and outside such a 
space. 
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In Older to illustrate one example of how such a mold may be configured and 
how it may be used in accordance with the method of the invention, reference will be 
had to Figures 2-5. In Figures 2-4, the molding element 20 is formed of a number of 
separate pieces which can be ^tached to one another to complete the molding element 
20. In using such a multi-piece molding element, the mold can be assembled about the 
cut length of febiic 10, thereby defomlng the febric to generaUy coofonn to the 
desired surface (or surfaces) of the molding element. 

In the molding dement illustrated in Figures 2-4, the metal ftbiic 10 is 
deformed to generally conform to a surface of the moldmg elemem 20, the moldmg 
eiemem comprising a center section 30 and a pair of end plates 40. TXiming first to 
tiie center section 30, the center section is desirably formed of opposed halves 32, 32 
which can be moved away ftom one another in order to introduce tiie fehric 10 
into tiie mold. Altiwugh tiiese two halves 32, 32 are shown in the drawings as being 
conq>letely sqniated frran one anottira:, H is to be understood tiiat tiiese halves could 
be intenxmnected, such as by means of a hinge or tiie like, if so desired. The opposed 
halves of the molding tHement 20 shown in the drawings of Figures 2 and 3 each 
indude a pair of semi-ciicular recesses opposed on eitiier side (tf a ridge d^ining a 
generaUy semi-ciicolar opening. When tiie two halves are assembled in forming tiie 
device, as best seen in Rgure 3, tiie semi-ciTcular openings in the opposed halves 32, 
32 mate to define a genoally drcular forming port 36 passii^ through the center 
section 30. Similarly, tiie semi-orcular recesses m the two halves togetiiar form a pair 
of generally circular central recesses 34, witii one such recess bemg disposed on dtiier 
face of the centra secticm. 

The overall shape and dimmsions of the center section can be varied as desired; 
it is generally tiie size of the central recesses 34 and the forming port 36 whidi will 
define tiie size and shape of tiie middle of the finished device, as explained bdow. If 
so desired, each half 32 may be provided witii a manually graspable projection 38. In 
tiie embodiment shown in the drawmgs, this projection 38 is provided at a location 
disposed away from die abutting faces of the respective halves. Such a manually 
graspable projection 38 will simply enable an operaior to more easily join the two 
halves to define the recesses 34 and forming port 36. 
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The center section is adapted to cooperatively engage a pair of end plates 40 for 
forming the desired device. In the embodiment shown in Figures 2 and 3, the center 
section 30 has a pair of flat outer fiaces 39 which are each hdapt&i to be engaged by an 
inner face 42 of one of the two end plates 40. Each end plate includes a compression 

5 disk 44 which extends generally laterally inwardly from the inner face 42 of the end 
plate. Tliis compression disk 44 should be sized to permit it to be received within one 
of the central recesses 34 on either face of the center section 30. For reasons 
esqylained more fiilly bdow, each compression disk 44 includes a cavity 46 for 
receiving an end of the Iragtfa of die metal fabric 10. 

10 One or more channels 48 for reodving bolts and die like may also be provided 

through each of die end plates and duough the center section 30. By passmg bolts 
through these channels 48, one can assemble the molding donent 20 and retain the 
metal fabric in the desired shape during the heat treatment process, as outlined below. 
In utilizing the molding element 20 shown in Figures 2-4, a length of the metal 

15 fabric 10 can be positioned between the opposed halves 32 of the c»ter section 30. In 
the drawings of die molding element 20 of Figures 2-4, the metal fabric 10 is a tubular 
braid such as diat illustrated in Figure lA. A sufficient length of the tubular braid 
should be provided to pennit die fabric to conform to the molding surface, as 
explained below. Also, as noted above, care should be taken to secure the aids of the 

20 wire strands defming the tubular braid in order to prevent the metal fabric from 
unraveling. 

A central portion of the length of the metal braid may be positioned within one 
of the two halves of the forming port 36 and the opposed halves 32 of the center 
section may be joined to abut one another to restrain a central portion of the metal 
25 braid widiin the central forming port 36 through the center section. 

The tubular braid will tend to have a natural, relaxed diameter which is 
defmed, in large part, when the tubular braid is formed. Unless the tubular braid is 
otherwise deformed, when the wire strands are in their relaxed state they will tend to 
define a generally hollow tube having the predetermined diameter. The outer diameter 
30 of the relaxed braid may be, for example, about 4 nun. The relative size of the 
forming port 36 in the central section 30 of the molding element and the natural, 
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relaxed outer diameter of the tubular braid may be varied as desired to achieve the 
desired shape of the medical device being formed. 

In the embodiment shown in Figures 2 and 3, the inner diameter of the forming 
port 36 is optimaUy slightly less than the natural, reUixed outer diameter of the tubular 
braid 10. Hence, when the two halves 32, 32 are assembled to form the crater section 
30, the tubular braid 10 wiU be slightly compressed within the formiiig port 36. This 
will hdp ensure that the tubular braid conforms to the inner surface of the forming 
port 36, which defines a portion of the molding surface of the molding element 20. 

If so desixed, a generally cylindrical internal molding section (not shown) may 
also be provided. This internal moldmg section has a slightly smaller diameter than 
the inner diameter of the forming port 36. In use, tiie internal molding section is 
placed witfam the length of the metal fabric, such as by manually moving the wire 
strands of the fabric apart to form an opening through which the internal molding 
section can be passed. This internal molding section should be positioned within the 
tubular braid at a location wheie it wiU be disposed whhin the forming port 36 of the 
center section when the molding dement is assembled. There should be a sufficient 
space between the outer surface of the interior molding section and the inner surfece of 
the fonning port 36 to permit the wire strands of the fabric 10 to be received 
therebetween. 

By using such an internal molding section, the dimensions of the central portion 
of the finished medical device can be fairiy accurately controlled. Such an mteroal 
molding section may be necessary in circumstances where die natural, relaxed outer 
diameter of the tubuku- braid 10 is less than the inner diameter of the forming port 36 
to ensure that the braid conforms to the inner surface of that fonning port. However, 
it is not believed that such an internal molding section would be necessary if the 
natural, relaxed outer diameter of the braid were larger than the inner diameter of the 
forming port 36. 

As noted above, the ends of the tubular braid should be secured in order to 
prevent the braid from unraveling. Each end of the metal fabric 10 is desirably 
received within a cavity 46 formed in one of the two end plates 40. If a clamp (15 in 
Figure 2) is used, the clamp may be sized to be relatively snugly received witWn one 
of these cavities 46 in order to effectively attach the end of the fabric to the end plate 
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40. The end plates can then be urged toward the center section 30 and toward one 
another until the compression disk 44 of each end plate is received within a central 
recess 34 of the center section 30. The molding element may then be clamped in 
position by passing bolts or the like through the channels 48 in the molding element 
and locking the various components of the molding element together by tightening a 
nut down onto such a bolt (not shown). 

As best seen in Figure 3A, when an end plate is mgsd toward the center section 
30, this win compress the tubular braid 10 generally along its axis. When the tubular 
bndd is in its relaxed configuration, as illustrated in Figure lA, the wire strands 
forming the tubular braid will have a first, predetermined relative orientation with 
respect to one another. As the tubular braid is compressed along its axis, the fabric 
will tend to flare out away from the axis, as illustrated in Figure 4. When the fabric is 
so deformed, the relative orientation of the wire strands of the metal fabric will 
change. Whm the molding element is finally assembled, the metal fabric will 
generally conform to the molding surface of this element. 

In the molding element 20 shown in Figures 2-4, the molding surf5ace is defmed 
by the inner surface of the forming port, the inner surfaces of the central recess 34 and 
the faces of the compression disks 44 which are received within the recesses 34. If an 
internal molding section is used, the cylindrical outer surface of that section may also 
be considered a part of the molding surface of the molding element 20. Accordingly, 
when the molding element 20 is completely assembled the metal fabric will tend to 
assume a somewhat "dumbbeir-shaped configuration, with a relatively narrow center 
section disposed between a pair of bulbous, perhaps even disk-shaped end sections, as 
best seen in Figure 4. 

It should be understood that the specific shapt of the particular molding element 
20 shown in Figures 2-4 is intended to produce one useful medical device in 
accoidance with the present method, but that other molding elements having different 
configurations could also be used. If a more complex shape is desired, the molding 
element may have more parts, but if a simpler shape is being formed the molding 
element may have even fewer parts. The number of parts in a given molding element 
and the shapes of those parts will be dictated almost entirely by the shape of the 
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desircd medical device as the molding element must define a molding surface to which 
the metal fabric will generally confonn. 

Accordingly, the specific molding element 20 shown in Figures 2-4 is simply 
intended as one specific example of a suitable molding element for fonning one 
particular useful medical device. Additional molding elements having different designs 
for producing different medical devices are explained bdow in connection with, c.g.. 
Figures 8 and 10. Dq)ending on the desired sh^ of the medical device being 
formed, the shape and configuration of other specific molding dements can be readily 
designed by those of ordinary skill in the art. 

Once the molding element 20 is assembled with the metal fiabric generally 
confonning to a molcUng surface of that element, the fabric can be subjected to a heat 
treatment while it remains in contact with that molding surface. ITiis heat treatment 
will depend in large part i^n the material of which the wire strands of the metal 
fabric are formed, but the tune and tenqierature of the heat treatmoit should be 
selected to substantially s&i the fabric in its deformed state, i.e., wherein the wire 
strands are in their reoriented relative configuration and the fabric generally conforms 
to the molding surface. 

The time and temperature of tfie heat treatment can vary greatly dependmg 
upon the material used in foiming the wire strands. As noted above, one preferred 
class of materials for fonning tiie wire stands arc shape memory alloys, with nitinol, a 
nictel titanium aUoy, being particularly preferred. If nitinol is used in making the 
wire strands of tiie febric, tiie wire strands will tend to be very elastic when tiie metal 
is in its austenitic phase; this veiy elastic phase is frequentiy referred to as a 
"superelastic" or "pswidoelastic" phase. By heating the nitinol above a certain phase 
transition temperature, tiie crystal structure of the nitinol metal when in its austenitic 
phase can be set. This will tend to "set" the shape of the fabric and die relative 
configuration of the wire strands in the positions in which tiiey are held during the heat 
treatment. 

Suitable heat treatments of nitinol wire to set a desired shape are well known in 
the art. Spirally wound nitinol coils, for example, are used in a number of medical 
applications, such as in fonning the coils commonly carried around distal lengths of 
guidewires. A wide body of knowledge exists for forming nitinol in such medical 
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devices, so there is no need to go into great detail here on the parameters of a heat 
treatment for the nitinol fabric preferred for use in the present invention. 

Briefly, though, it has been found that holding a nhinol fabric at about SOO^'C 
to about 550*C for a period of about 1 to about 30 minutes, dq)ending on the softness 

5 or harness of the device to be made, will tend to set the fobric m its deformed state, 
i.e. wherein it confonns to the molding surface of the molding element. At lower 
temperatures the heat treatmrat time will tend to be greater (e.g. about one hour at 
about 3S0''C) and at higher ten^eratures the time will tend to be shorter (e.g. about 30 
seconds at about POO^'C). These parameters can be varied as necessary to 

10 accommodate variations in the exact composhion of the nitinol, prior heat treatment of 
the nitinol, the desired properties of the nitinol in the finished article, and other faaors 
which will be well ionown to those skilled in this field. 

Instead of relying on convecdon heating or the like, it is also known in the art 
to ^ly an electrical current to the nitinol to heat it. In the present invention, this can 

IS be accomplished by, for example, hooking electrodes to the clamps 15 carried at either 
end of the metal fabric illustrated in Figure 2. The wire can thou be heated 
resistance heating of the wires in order to achieve the desired heat treatment, which 
will tend to eliminate the need to heat the entire molding donent to the desired heat 
treating temperature in order to heat the metal fabric to the desired temperamre. 

20 After the heat treatment, the fabric is removed from contact with the molding 

element and will substantially retain its shape in a deformed state. When the molding 
elemrat 20 illustrated in Figures 2-4 is used, the bolts (not shown) may be removed 
and the various parts of the molding element may be disassembled in essentially the 
reverse of the process of assembling the molding element. If an internal molding 

25 section is used, this molding section can be removed in much the same fashion that ft 
is placed within the generally tubular metal fabric in assembling the molding element 
20, as detailed above. Figures 5A and SB illustrate one embodiment of a medical 
device 60 which may be made using the molding element 20 of Figures 2-4. As 
discussed below, the device of Figure 5 is panicularly well suited for use in occluding 

30 a channel within a patient's body and these designs have paiticular advantages in use 
as vascular occlusion devices. 



WO96/0159I PCr/US95/08613 

- 16- 

The vascular occlusion device 60 of Figure 5A includes a generally tubular 
middle portion 62 and a pair of e?qpanded diameter portions 64, One expanded 
diameter portion is disposed at either end of the generally tubular middle portion 62. 
In the fflibodiment shown in Figures SA and SB, the esqnnded diameter portions 64 
include a lidge 66 positioned about midway along their lengths. 

The relative sizes of the tubular middle section and the expanded diameter 
portions can be varied as demed. In.this particular raibodunent, the medical device is 
intended to be used as a vascular ocdusion device to substantially stop the flow of 
blood through a patient's blood vessel. When the device 60 is deployed within a 
patient's blood vessel, as detailed below, it wiU be positioned withm the vessel such 
that its axis genendly coincides with the axis of the vessel. The dumbbell-shape of the 
present device is intended to limit the ability of the vascular occlusion device 60 to 
turn at an angle with respect to the axis of the blood vessel to ensure that it remams in 
substantially the same position in which the operator deploys it within the vessel. 

Although the illustrated embodiments of this uivention only have two expanded 
diamet^ portions, it should be understood thai the device could have more than two 
such expanded diameter portions. For exanq)le, if the device has three e^anded 
diameter portions, each expanded diameter portion is separated from at least one other 
e;q>anded diameter portion by a tubular portion having a smalls diameter. If so 
desired, the diameters of each of fhe esx^ded diameter portions can be the same, but 
they need not be the same. 

In order to relatively strongly «gage the lumen of the blood vessel, the 
maxunum diam^ of the e^qianded diameter portions 64 (which occurs along the 
middle ri4ge 66 in this embodimrat) should be selected so that it is at least as great as 
the diameter of the lumen of the vessel in which it is to be deployed, and is optimally 
slightly greater than that diameter. When it is deployed within the patient's vessel, the 
vascular occlusion device 60 will engage the lumen at two spaced-apart locations. The 
device 60 is desirably longer along its axis than the dimension of its greatest diameter. 
This will substantially prevent the vascular occlusion device 60 from turning within the 
lumen at an angle to its axis, essentially preventing the device from becoming 
dislodged and tumbling along the vessel with blood flowing through the vessel. 
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The relative sizes of the generally tubular middle portion 62 and expanded 
diameter portion 64 of the vascular occlusion device 60 can be varied as desired for 
any particular application. For example, the outer diameter of the middle portion 62 
may range between about one quarter and about one third of the maximum diameter of 

5 the eTqianded diameter portions 64 and the length of the middle portion 62 may 

comprise about 20% to about 50% of the overall length of the device. Although these 
dimensions are suitable if the device 60 is to be used solely for occluding a vascular 
vessel, it is to be understood that these dimensions may be varied if the device is to be 
used in other aj^lications, such as where the device is intended to be used simply as a 

10 vascular jfilter rather than to substantially occlude the entire vessel or where the device 
is dq>loyed in a different charmel in a patient's body. 

The aspect ratio (i.e., the ratio of the length of the device over its maximum 
diameter or width) of the device 60 illustrated in Figures 5 A and SB is desirably at 
least about 1.0, with a range of about 1.0 to about 3.0 being preferred and an aspect 

IS iBtio of about 2.0 being paiticulariy prefened. Having a greater aspect ration will 
tend to prevent the device from rotating generally perpendicularly to its axis, which 
may be referred to as an end over end roll. So long as the outer diameter of the 
^cpanded diameter portions 64 of the device is large enough to seat the device fairly 
securely against the lumen of the channel in which the device is deployed, the inability 

20 of the device to torn end over end will help teq> the device dq)loyed precisely where 
it is positioned within the patient's vascular system or in any other charmel in the 
patient's body. Alternatively, having expanded diameter portions which havenatural, 
relaxed diameters substantially larger than, the lumen of the vessels in which the device 
is dq)loyed should also suffice to wedge the device into place in the vessel without 

2S undue concera being placed on the aspect ratio of the device. 

The pick and pitch of the metal fabric 10 used in forming the device 60, as well 
as some other factors such as the number of wires employed in a tubular braid, are 
important in determining a number of the properties of the device. For example, the 
greater the pick and pitch of the fiabric, and hence the greater the density of the wire 

30 strands in the fabric, the sdifer the device will be. Having a greater wire density will 
also provide the device with a greater wire surface area, which will generally enhance 
the tendency of the device to occlude a blood vessel in which it is deployed. This 
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thiorabogenicity can be either enhanced, e.g. by a coating of a thrombolytic agent or 
by attaching silk or wool fabric to the device, or abated, e.g. by a coating of a 
lubricious. anti-thiombogenic compound. A variety of materials and techniques for 
enhancing or reducing thrombogenicity are weU known in the art and need not be 
d^ailed here. 

When the device is dq)loyed in a patient's vessel, thnnnbi will tend to collect 
onthesuifeceofthewires. By having a greater wire density, the total surface area of 
the wires wiU be increased, increasing the thrombolytic activity of the device and 
permitting it to relatively rapidly occlude the vessel in which it is deployed. It is 
believed that fonning the occlusion device 60 from a 4 mm diameter tubular braid 
having a pick of at least about 40 and a pitch of at least about 30' wlU provide 
suffideirt suifeu» area to substantiaUy completely occlude a blood vessel of 2 mm to 
about 4 mm in inner diameter in a suitable period of time. If it is desired to increase 
the rate at which the device 60 occludes the vessel in which it is deployed, any of a 
wide variety of known thrcMubolytic agents can be i^ildied to die device. 

Figures 6A-6C illustrate an alternative embodimem of a medkal device in 
accordance with die present invoition. This device 80 has a graiBrally bell-shaped 
body 82 and an outwardly extending forward end 84. One appBcatkm for which this 
device is particulariy weU suited is occhiding defects known in the art as patent ductus 
arteriosus (PDA). PDA is essendally a condition whraein two btood vessels, most 
commonly the aorta and pulmonary artery adjacent the heart, have a shunt between 
their lumens. Blood can flow directty between these two blood vessels through the 
shunt, compromising the normal flow of btood through the patient's vessels. 

As explained more fully below in connection with Figure 8, the bell-shqied 
body 82 is adapted to be deployed within the shum betwem the vessels, whUe the 
forward end 84 is adapted to be positioned within one of the two vessels to he^ seat 
the body in the shunt. The sizes of the body 82 and the end 84 can be varied as 
desired for differently sized shunts. For example, the body may have a diameter atong 
hs genetaUy cylindrical middle 86 of about 10 mm and a length along its axis of about 
25 mm. In such a device, the base 88 of the body may flare generally radially 
outward until it reaches an outer diameter equal to that of the forward end 84, which 
may be on the order of about 20 mm in diameter. 
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The base 88 desirably flares out relatively rapidly to define a shoulder tapering 
radiaUy outwardly from the middle 86 of the body. When the device is deployed in a 
vessel, this shoulder will abut the lumen of one of the vessels being treated. The 
foiwaid end 84 is retained within the vessel and urges the base 88 of the body open to 

5 ensure that the shoulder engages the waU of the vessel to prevent the device 80 ftom 
becoming dislodged from within the shunt. 

As d^ailed above, in making a device of the invention it is desirable to attach 
the ends of the wire strands forming the metal fabric 10 to one another to prevent the 
fabric from unraveling. In the illustrations of Figures 6A-6C, a clamp 15 is used to tie 

10 together the ends of the wire strands adjacent the front end 84 of the device. It is to 

be understood that this clamp IS is simply a schematic illustration, though, and that the 
ends could be attached in other ways, such as by welding, soldering, brazing, use of a 
biocompatible cementitious material or in any other suitable fashion. 

The rearward ends of the wire strands are shown as being attached to one 

15 another by an ahemative clamping means 90. This clamp 90 serves the same puipose 
as the schematically illustrated clamp 15, namely to interconnect the ends of the wires. 
However the clamp 90 also serves to connect the device 80 to a delivery system (not 
shown). In the embodiment shown, the clamp 90 is generally cylindrical in sh^ and 
has a recess for receiving the ends of the wires to substantially prevent the wires from 

20 moving relative to one another, and a threaded outer surface. The threaded outer 

surface is adapted to be received within a cylindrical recess (not shown) on a distal end 
of a delivery device and to engage the threaded inner sutface of the delivery device's 
recess. 

The delivery device (not shown) can take any suitable shape, but desirably 
25 comprises an elongate, flexible metal shaft having such a recess at its distal end. The 
delivery device can be used to urge the PDA occlusion device 80 through the lumen of 
a catheter for dq>loyment ui a channel of the patient's body, as outlined below. When 
the device is deployed out the distal tnd of the catheter, the device will still be retained 
by the delivery device. Once the proper position of the device 80 in the shunt is 
30 confirmed, the shaft of the delivery device can be rotated about its axis to unscrew the 
clamp 90 from the recess in the delivery means. 
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By keeping the PDA device 80 attached to the delivery means, the operator 
could still letract the device for repositiomng if it is detennined that the device is not 
properly positioned in the first attempt. This threaded attachment wiU also aUow the 
operator to control the manner in which the device 80 is deployed out of the distal end 
of the catheter- As e3q)lained below, when the device exits the catheter it will tend to 
lesiliently return to aprefened expanded shape which is set when the fabric is heat 
treated. When the device springs back into this sbBpc, it may tend to act against the 
distal end of the catheter, effectively uiging itself forward beyond the end of the 
catheter. This spring action could conceivably result in improper positioning of the 
device if the location of the device within a channel is critical, such as where it is 
bemg poshioned in a shunt between two vessels. Since the threaded clamp 90 can 
enable the operator to maintain a hold on the device during dqployment, the spring 
acdon of the device can be controlled and the operator can control the deployment to 
ensure proper positioniqg. 

A FDA ocdusion device 80 of this embodimrait of the invention can 
advantageously be made in acooidance with the method outlined above, namely 
deforming a metal &bric to generally conform to a molding surface of a molding 
elemem and heat treating the fabric to substantially set the fabric in its deformed state. 
Figure 7 shows a moldmg element 100 wtuch may be suitable for forming a PDA 
occlusion device 80 such as that shown in Figures 6A-6C. 

The molding dement 100 generally comprises a body poition 110 and an end 
plate 120. The body poition 110 is adapted to receive and form the body 82 of the 
device 80 while the end plate is adqyted to compress against the metal fabric to form 
the forward end 84. The body poition 110 includes an elongate, generally tubular 
central segmmt 112 which is sized to receive the elongate body 82 of the device. The 
central segment 112 of the molding element 100 optunally has an internal diameter 
slightly less than the natural, relaxed outer diameter of the tubular braid of which the 
device is formed. This compression of the braid will help yield devices with 
leproducibly sized bodies 82. The forward end of the body portion 110 mcludes a 
back plate 114 which has a generally annular sidewall 116 dqjending downwardly 
therefrom. The sidewall defines a recess 118 which is generally circular in shape. 
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The end plate 120 of the molding element 100 has a generally disc-shaped face 
122, which desirably has a clamp port 124 proximately centered therein for 
receiving a clamp 15 attached to the metal fabric, as noted above. The aid plate also 
has an annular sidewall 126 which extends generally upwardly ftom the fiace 122 to 
define a generally cylindrical rwess 128 in the end plate 120. Hie sidewall 116 of the 
body portion 110 is sized to be received within the recess 128 of the end plate. 

In use, the metal fabric is placed in the molding elemeox and the body portion 
1 10 and the end plate 120 are brought toward one another. The iimer face of the back 
plate 1 14 will engage the fabric and tend to urge it under compression generally 
radially outwardly. The fabric will th«i be enclosed generaUy within the recess 118 of 
the body portion and will generally conform to the inner surface of that recess. If one 
prevents the entire clamp 15 ftom passmg through the damp port 124, the fabric will 
be spaced slightly away from the inner surfoce of the face 122, yielding a slight dome 
shape in the forward end 84 of the device, as illustrated in Figures 6. Although the 
illustrated embodiment includes such a dome-sh2q)ed forward end, it is to be 
understood that the forward end may be substantially flat (except for the clamp 15), 
which can be accomplished by allowing the clamp to be received entirely within the 
clamp port 124 in the end plate. 

Once the fabric is compressed in the molding element 100 so that it generally 
conforms to the molding surface of the molding element, the fabric can be subjected to 
a heat treatment such as is outlined above. When the molding element is opened again 
by moving the body portion 110 and the end plate 120 away from one another again, 
Uie fabric will generally retain its deformed, compressed configuration, llie device 
can then be collapsed, such as by urging the clamps 15, 90 generally axially away 
from one another, which wiU tend to collapse the device toward its axis. The 
collapsed device 80 can then be passed through a catheter for deployment in a channel 
in a patient's vascular system. 

Figure 8 schonatically illustrates how a medical device 80 generally as outlined 
above can be used to occlude a patent ductus arteriosus. In this case, there is a shunt, 
referred to as a PDA above, which extends between a patient's aorta A and the 
pulmonary artery P. The device 80 can be passed through the PDA, such as by 
keeping the device collapsed within a catheter (not shown), and the forward end 84 of 
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the device can be allowed to elastically expand to substantially recover its thermally 
set, "remembered" shape from the heat treatment process, such as by urging the device 
distally to extend beyond the distal end of the catheter. This forward end 84 should be 
larger than the lumen of the shunt of the PDA. 

The device can then be retracted so that the forward end 84 engages the wall of 
thepubnonary artery P. If one continues to retract the cath^r, the engagment of the 
device with the wall of the puhnonary artery will tend to naturally pull the body 
portion 82 of the device from the catheter, which will permit the body portion to 
return to its expanded configuration. The body portion should be sized so tiiat it will 
frictionally engage the lumen of the FDA's shunt. The device 80 will thra be held in 
place by the combination of the friction between the body portion and the lumen of the 
shunt and the engagement between the wall of the puhnonary artery and the forward 
end 84 of the device. Over a relatively short pwiod of time, tiuombi will form in and 
on the device 80 and the thrombi will occlude the PDA. If so desired, the device may 
be coated with a suitable thrombolytic agent to speed up the occlusion of the FDA. 

Figures 9A and 9B are a side view and an end view, respectively, of yet 
another embodimrat of the present invention. This device 180 can be used for a 
variety of applications in a patient's blood vessels. For example, if a fabric having a 
relatively high pick (i.e. where the wire density is fairly great) is used in making tiie 
device, the device can be used to occlude blood vessels. In other applications, ft may 
serve as a filter within a channel of a patient's body, either in a blood vessel or in 
another channel, such as in a urinaiy tract or biliary duct. In order to further enhance 
or reduce the device's tendency to occlude the vessel, d^ending on the application of 
the device a suitable known thrombogenic or antithrombogenic coating may be applied 
to the device. 

This filter 180 has a generally conical configuration, tapering generally radially 
outwardly ftom its rearward end 182 to its forward end 184. A length of the device 
adjacent its forward end is adapted to engage the walls of a hmen of a channel. Hie 
maximum diameter of the filter device 180 is therefore at least as large as the inner 
diameter of the channel in which it is to be positioned so that at least the forward end 
will engage the wall of the vessel to substantially lock the device in place. 
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Having a series of unsecured ends 185 of the wire strands adjacent the forward 
end of the device will assist in seating the device in the channel because the ends of 
the wires will tend to dig into the vessel wall slighUy as the forward end of the device 
urges itself toward its My expanded configuration within the vessel. The combination 
of the friction between the outwardly urging forward end of the device and the 
tendency of the wire ends to dig into the vessel walls will help ensure that the device 
remains in place where it is dq)loyed rather than floating freely withhi a vessel to 
readi an undesired location. 

The method in which the device 180 of the invention is deployed may vary 
(Spending on the natore of the physiological condition to be treated. For example, in 
treating an arterio-venous fistuk, the device may be carefully positioned, as described 
above, to occlude the flow of blood at a feiriy specific location. In treating otiier 
conditions (e.g. an arterio-venous malformation), however, if may be desired to simply 
release a number of tiiese devices upstream of the malformation in a vessel having a 
larger lumen and sunply allow tiie devices to drift from tiie treatment site to lodge in 
smaller vessels downstream. 

The dedsion as to whether the device 180 should be precisely positioned at an 
exatt location within tiie channel in a patiem's body or whetiier it is more desirable to 
allow the device(s) to float to thdr final lodging site will dq)end on ti» size of the 
channels mvolved and the spedfic condition to be treated. This decision should be Idt 
to tiie individual operator to be made on a case-by-case basis as his or her e^qierienoe 
dictates; tiiere is no one right or wrong way to deploy tiie device 180 witiiout r^ard to 
the conditions at hand. 

In tiie embodiment shown in Figures 9A and 9B, tiie wall of tfie device extends, 
generally linearly firora a position adjacent the clamp 90 and the otiier end of the 
device, approximating a conical shape. Due to tiie presence of the clamp 90, Uiough, 
the end of the device immediately adjacent the clamp may deviate slightly from tiie 
cone shape, as indicated in tiie drawings. Alternatively, tiie wall may be curved so 
that the diameter of the device changes more rapidly adjacent the rearward end tiian it 
does adjacent its forward end, having an appearance more like a rotation of a parabola 
about its major axis than a true cone. Either of tiiese embodiments should suffice in 
occluding a vessel witti the device 180, such as to occlude a vessel. 
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The ends of the wire strands at the rearward end 182 of the device are secured 
with respect to one another, such as by means of a threaded clamp 90 such as that 
described above in connection with Figures 6A-6C. Portions of the wire strands 
adjacent the forwaid end 184 may also be secured against relative movement, such as 
by spot welding wires to one another where they cross adjacent the forward end. Such 
a spot weld is schematically illustrated at 186 in Figures 9 A and 9B. 

In the embodiment illustiatBd in Figures 9, though, the ends of the wire strands 
adjacent the forward md 184 in the finished device need not be affbced to one another 
in any fashion. These strands are held in a fixed poation during the forming process 
to prevent the m^ fabric from unraveling before it is made into a finished device. 
While the ends of the wire strands adjacent the forward end remain fixed relative to 
one another, tbqr can be heat treated, as outlined above. The heat treatment wiU tend 
to fix the shapes of the wires in their deformed configuration wherein the device 
generally conforms to a molding surface of the molding element. When the device is 
iCTioved from contact with the mokUng element, tfie wires will r^ain their shape and 
tend to remain uttertwmed. Accordmgly, when the device is released firom contact 
with the moldiiig element, even if the ends of the wires are released from any 
constraint the device should still substantially retain its shape. 

Figures lOA-lOC illustrate three suhable molds for use in forming the filter 180 
of Figures 9A and 9B. In Figure lOA, the molduig element 200 is a single piece 
which ddines a pair of generally conical portions abutting one another. In another 
similar embodunent (not shown), the molding elemmt 200 may be generally ovoid, 
sh24>ed not unlike an American football or a rugby ball. In the embo(Ument illustrated 
in Figure lOA, though, the moldmg element is a little bit less rounded. This molding 
el«ient comprises two conical segments 202 which abut one another at their bases, 
defming a larger diameter at the middle 204 of the element which can taper relatively 
unifonnly toward the ends 206 of the elonent 200. 

When the a tubular braid is used in forming this device, the tubular metal £Eibric 
may be applied to the molding element by placing the molding element within the 
tubular braid and clamping the ends of the braid about the molding element before 
cutting the braid to the desired length. In order to better facilitate the attachment of 
the clamps 90 to the ends of the tubular braid, the ends 206 of the moldmg element 
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may be rounded, as shown, rather than tapering to a sharper point at the ends of the 
molding element. In order to ensure that the braid more closely confoims to the outer 
surface of the molding element 200, i.e. the molding element's molding surfiace, the 
natural, relaxed diameter of the braid should be less than the maximum diameter of the 
element, which occurs at its middle 204. This will place the metal fabric in tension 
about the middle of the element and, in combination with the clamps at the ends of the 
braid, cause the braid to generally conform to the molding surface. 

Figure lOB illustrates an alternative molding element 210 for forming a device 
substantially as shown in Figures 9A and 9B. Whereas the molding element 200 is 
intended to be recdved within a recess in the metal fabric, such as within the lumrai of 
a length of tubular braid, the molding element 210 has an internal cavity 212 adapted 
to receive the febric. In this embodiment, the molding element may comprise a pair of 
molding sections 214, 216 and these mold sections may be substantially identical in 
sh^. Each of the moldmg sections 214, 216 generally comprise a conical inner 
surface 220 defined by a wall 222. Bach section also may be provided with a 
goierally cylindrical axial recess 224 for receiving a clamp 15 (or 90) carried by an 
end of the metal fabric. 

The two molding sections should be readily attached to one another with the 
larger, open ends 226 of the sections abutting one another. The mold sections can 
simply be clamped together, such as by providing a reusable jig (not shown) which can 
be used to property position the sections 214, 216 with respect to one anotiier. If so 
desired, bolt holes 228 or the like may be provided to allow a nut and bolt, or any 
similar attachment syst^, to be passed through the holes and attach the sections 214, 
216 together. 

In use, a suitably sized piece of a metal febric, optimally a length of a tubular 
braid, is placed in the recess 212 of the molding clement and the two molding sections 
214, 216 are urged toward one anotiier. The fabric should have a relaxed axial length 
longer than the axial length of the recess 212 so that bringing ttie sections toward one 
another will axially compress the fabric. This axial compression will tend to urge the 
wire strands of tiie braid radially outwardly away from the axis of the braid and 
toward engagement with the molding surface of the clement 210, which is defined by 
the surface of the recess 212. 
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Once the metal fabric is deformed to generally confonn to the molding surface 
of either molding element 200 or 210, the fabric can be heat treated to substantially set 
the shape of the fabric m its deformed stale. If molding element 200 is used, it can 
then be removed fiom the interior of the metal fabric. If there is sufficient room 
between the resilient wire strands, the moldmg element can sunply be removed by 
opening the web of wire strands and puUiqg the molding element out of the interior of 
the metal fabric. If molding element 210 is onployed, the two molding sections 214, 
216 can be moved away from one anoth^ and the molded fabric can be retrieved from 
the recess 212. Depending on the shape of the molding surface, the resulting formed 
ghapft may resemble either a pair of abuttiiig hollow cones or, as noted above, a 
football, with clamps, welds or the like provided at eith^ end of the sh^. 

This shape can then be cut into two halves by cutting the wires in a duection 
generally perpendicular to the shared axis of the cones (or the major axis of the ovoid 
shape) at a location about midway along length. This will produce two sqiarate 
fUt^ devices 180 substantially as illustrated in Figures 9A and 9B. If tfie wires 
strands are to be joined adjacent the fbrward end of the device (such as by the 
weldments shown as 1 86 in Figures 9A and 9B) , this can be done before the conical or 
ovoid sbap& is severed into two halves. Much the same net shape could be 
accomplished by cutting the metal fabric into halves while it is still carried dxnit 
molding element 200. The sq)arate halves having the desired shapes could then be 
pulled apart from one another, leaving the molding element ready for forming 
additional devices. 

In an alternative embodiment of this m^od, the molding element 200 is 
formed of a material selected to permit the molding element to be destroyed for 
rraioval from the interior of the metal fabric. For example, the molding elraient may 
be formed of a brittle or friable material, such as glass. Once the material has been 
heat treated in contact with the molding surface of the molding element, the molding 
element can be broken into smaller pieces which can be readily removed from within 
the metal fabric. If this material is glass, for example, the molding element and the 
metal fabric can be struck against a hard surface, causing the glass to shatter. The 
glass shards can then be removed from the enclosure of the metal fabric. The resultant 
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shapc can be used in its generally conical shape, or it can be cut into two separate 
halves to produce a device substantially as shown in Figures 9A and 9B. 

Alternatively, the molding element 200 can be formed of a material which can 
be chemicaUy dissolved, or otherwise broken down, by a chemical agent which will 
not substantially adversely affect the properties of the metal wire strands. For 
example, the molding element can be formed of a temperature-resistant plastic lesin 
which is capable of being dissolved with a suitable organic solvent. The fabric and the 
molding element can be subjected to a heat treatment to substantially set the shape of 
the fabric in conformance with the surface of the molding element, whereupon the 
molding element and the metal fabric can be immersed in the solvent. Once the 
molding element is substantially dissolved, the metal fabric can be removed and either 
used in its current shape or cut into sqiarate halves, as outlined above. 

Care should be taken to ensure that the material selected to form the molding 
elemOTt is capable of withstanding the heat treatment without losing its shape, at least 
until (he sh^ of the fabric has bewi set. For example, the molding element could be 
fonned of a material having a mehing point above the temperature necessary to set the 
shape of the wire strands, but below the melting point of the metal forming the 
strands. The molding element and metal fabric can then be heal treated to set the 
shape of the metal fabric, whereupon the temperature can be increased to substantially 
completely melt the molding element, thereby removing the molding element from 
within the metal fabric. 

It should be understood that the methods outlined immediately above for 
removing the metal fabric 10 from the molding element 200 can be used in connection 
with other shapes, as well. Although these methods may not be necessary or desirable 
if the molding element is carried about the exterior of the metal fabric (such as are 
elements 30-40 of the molding element 20 of Figures 2-4), if the molding element or 
some portion thereof is enclosed within the fonned metal fabric (such as the internal 
molding section of the molding element 20), these methods can be used to effectively 
remove the molding element without adversely affecting the medical device being 
formed. 

Figure IOC illustrates yet another molding element 230 which can be used in 
forming a medical device such as that illustrated in Figures 9A and 9B. This molding 
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element comprises an outer molding section 232 defining a tapered imier surface 234 
and an imier molding section 236 having an outer surface 238 substantially the same 
shape as the tq)eied inner surface 234 of the outer molding section. The inner 
moldmg section 236 should be sized to be received within the outer molding section, 
with a piece of the metal fabric (not shown) being disposed between the inner and 
outer molding sections. The molding surface of this molding element 230, to which 
the ftbric will generally conform, can be conadeied to include both (he inner surface 
234 of the outer molding section and the outer surface 238 of the inner molding 
section. 

Tliis molding etemrat 230 can be used with a metal fabric which is in the form 
of a tubular braid. If such a febric is used and a cbmp 15 (not shown in this drawing) 
or die like is provided to connect the ends of the wire strands adjacent one end of the 
device, a recess (not shown) analogous to the cavity 46 in the lace of the compression 
disk 44 of molduig element 20 figures 2-4) can be provided for receiving the clamp. 

However, the present molding elonent 230 can be used quite readily with a flat 
woven piece of metal fabric, such as is illustrated in Figure IB. In using such a 
fabric, a suitably sized and shaped piece of fabric is cut; in using the moldmg demmi 
230 to produce a device 180 analogous to that shown in Figures 9A and 9B, for 
example, a generally disk-sbq)ed piece of the metal fabric 10' can be used. The metal 
fabric is then placed between the two sections 232, 236 of the molding element and the 
sections are moved together to deform the fabric thmb^een. After heat treatment, 
the fabric can be removed and will retain substantially the same shape as it had when h 
was deformed between the two moldmg sections. 

As can be seen by the discussion of the various molding elements 200, 210 and 
230 in Figures lOA-lOC, it should be clear that a number of different molding 
elements may achieve essentially the same desired shape. These molding elenients 
may be received entirely withm a closed segment of fabric and rely on tension and/or 
compression of the fabric to cause it to generally conform to tiie molduig sutface of 
the molding element, as with the element 200 of Figure lOA. The molding element 
210 of Figure lOB substantially encloses the fabric within a recess in the mold and 
relies on compression of the fabric (in this case axial compression of a tubular braid) 
to deform the fabric to the desired configuration. Finally, the fabric may be 
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compressed between two coacting parts of the molding element to defonn the fabric, 
such as between the two sections 232, 236 of molding element 230 in Figure IOC. 
Any one or more of these techniques may be used in achieving a finished product 
having a desired shape. 
5 Figures 11 and 12 illustrate alternative embodiments of yet another medical 

device in accordance with this invention. Both Figure 11 and Figure 12 illustrate a 
vascular trq> suitable for use in temporarily filtering embolic particles from blood 
passing through a patient's vascular system. Such a device will most frequently be 
used to filter emboli fix)m a patient's blood whra another medical procedure is being 
10 perfonmed, such as by using the trap in conjunction with a rotating cutting blade 
during an atherectomy or with a balloon catheter during angioplasty. It is to be 
understood, though, that the tn^ could also be used in other similar ajiplications, such 
as in channels in patients* bodies oth^ than their vascular systems. 

In the CTibodiment of Figures llA and 1 IB, the vascular trap 250 compzises a 
IS generally umbrella-shq)ed basket 270 carried adjacent a distal end of a guidewire 260. 
The guidewire in this embodiment includes a tapcxGi distal section 262 with a spirally 
wound coil 264 extending along a distal length of the wire. Guidewires havmg such a 
distal end are conventional in the ait. The basket 270 is positioned generally distally 
of the coil 264, and is desirably attached to the guidewire proximally of the proximal 
20 end of the tapersd section, as shown. 

The basket 270 (shown in its collapsed configuration in Figure 11 A) includes a 
distal band 272 and a proximal band 274. The distal band may be made of a 
radiopaque material, such as gold, platinum or tungsten, and is affixed directly to the 
shaft of the guidewire 260. This attachment may be made by any suitable means, such 
25 as by welding, bnuring or soldering. Alternatively, the distal band 272 may comprise 
a bead of a biocompatible cemratitious material, such as a curable organic resin. If it 
is desired to increase the visibility of the band for fluoroscopic observation, a 
radiopaque metal or the like can be imbedded in the cementitious material. The 
proximal band 274 may be formed of a hypotube sized to permit the tube to slide along 
30 the guidewire during deployment. This hypotube may be made of a metallic material; 
a thin-walled tube of a NiTi alloy should suffice. If so desired, the proximal band 
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may be formed of a more radiopaque metal, or a NiTi alloy band can have a 
radiopaque coating applied to its surface. 

The body of the device is fonned of a metal fabric, as explained above. The 
metal fabric of this embodunent is optimally initially formed as a tubular braid and the 
ends of the wires fonning the braid can be attached together by means of the bands 
272, 274 before the fabric is cut to length. Much like the clamps 15, 90 noted above, 
these bands 272, 274 will help prevent the metal fabric from unravelling during the 
fonning process. (The method of forming the basket 270 is described below in 

connection with Figure 16.) 

When the device is in its colhq>sed state for deployment in a patient's vessel (as 
illustrated in Figure llA). the basket 270 wiU be coltapsed toward the axis of the 
guidewue 260. The distal 272 and pioxunal 274 bands are spaced away from one 
another along the length of the guidewire, with the fabric of the device extending 
tberebetwera. In a prefeired embodiment, when the basket is in its collapsed state it 
will engage the outer surface of the guidewire to permit the device to be deployed 
through a relatively small lumen of a catheter or anottier medical device. 

When the device is deployed in apatient*s vascular system, the basket will take 
on an expanded configuration whernn it extends outwardly of the outer suriace of the 
guidewire. As best seen in Figure IIB, the shape of the basket 270 when deployed 
may geneiaUy resemble a conventional umbrella or parachute, havii^ a dome-like 
structure curving radially outwardly from the guidewire moving proximally from the 
distal band 272. It is to be understood that other suitable shapes could easily perform 
the desired filtering function, such as a conical shape wherein the slope of the device 
changes more lineariy than the smooth, rounded version shown in Figure IIB. It is 
also believed that a relatively flat, disc shape would also suffice. In this expanded 
configuration, the two bands 272, 274 arc closer together, with the distal band 272 
optimally being qxtced only a short distance from the proximal band 274, as 
illustrated. 

In moving from its coUapsed state (Figure 11 A) to its expanded state (Figure 
IIB), the metal fabric turns in on itself, with a proximal portion 282 of the collapsed 
basket being received within the interior of a distal portion 284 of the collapsed basket. 
This produces a two-layered structure having a proximal lip 286 spaced radially 
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outwardly of the guidewire, defining a proximally-facing cup-sh^)ed cavity 288 of the 
basket. When blood (or any other fluid) flows through the basket in a distal direction, 
any particulate matter in the blood, e.g. emboli released into the bloodstream during 
atherectomy or angioplasty procedures, will tend to be trapped in the cavity 288 of the 
5 basket. 

The precise dimensions of the metal fabric can be varied as desired for various 
^Ucations. If the device 250 is to be used as a vascular filter to trq) emboli rdeased 
into the blood, for example, the pores (i.e. the openings between the crossing melal 
strands) of the fabric are desirably on the order of about 1.0 mm. This is goierally 

10 dcCTied to be the mimmum size of any particles which are likely to cause any adverse 
side eifects if they are allowed to float fredy within a blood vessel. One would not 
want to make the pores too small, though, because the blood (or other fluid) should be 
free to pass through the wall of the basket 270. If so deared, the basket may be 
coated with a suitable anti-thrombogenic coating to prevent the basket from occluding a 

IS blood vessel in which it is dq>loyed. 

When a £sibric having 1.0 mm pores is used to form the bask^ 270 of this 
embodiment of the invention, the forming process will reorient the wires relative to 
one anoth^ and in some areas (e.g. adjacent the proximal lip 286) the pores will be 
larger than 1.0 mm. However, because the basket's walls arc formed of essentiaUy 

20 two thicknesses 282, 284 of the fabric, the effective pore size of the device may be 
significantly reduced even at these locations. 

The device 250 may also be provided with tethers 290 for collapsing the basket 
270 during retraction. The basket may include four indq>endent tether wires, each of 
which extrads proximally from the proximal lip 286 of the deployed basket. In a 

25 prefened embodiment, though, the four tether wires illustrated in the drawings are 
actually formed of two longer wires, with each wire extending per^)herally about a 
portion of the proximal lip of the basket. These tether wires may be intertwined with 
the wires of the metal fabric to keep the tethers in place during use. When the tethers 
are retracted or drawn down toward the guidewire, the wires extending along the 

30 proximal lip of the basket will tend to act as drawstrings, drawing the proximal end of 
the bask^ radially inwardly toward the guidewire. This will tend to close the basket 
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and entrap any material caught in the cavity 288 of the basket during use so that the 
basket can be retracted, as detailed below. 

The tether wires 290 may ejdend along much of the length of the guidewire so 
that they will extend outside the patient's body during use of the device 250. When it 
is desired to collapse the basket for retrieval, the operator can simply hold the 
guidewire 260 steady and retract the tethers with respect to the guidowire. Hiis can 
tend to be relatively cumbersomb, though, and may be too difTicult to effectively 
accomplish without breaking the tethere if the device is deployed at a selective site 
reached by a tortuous path, such as in the brain. 

Accordingly, in the preferred embodiment shown in Figures llA and IIB, the 
tethers 290 are attached to the guidewire 260 at a position spaced proximally of the 
basket. The tediers may, for exan^le, be attached to a metal strap 292 the lite and 
this strap 292 may be affixed to the shaft of the guidewire. When it is desired to close 
the proximal end of the basket for retraction, an extranal catheter (not shown) can be 
urged distaUy toward the basket 270. When the catheter encounters the radially 
extending tethers, the distal «id of the catheter wiQ tend to draw the tethers toward the 
guidewire as the catheter is advanced, which will, in turn, tend to draw the proximal 
end of the basket closed. 

Figures 12A and 12B illustrate an alternative embodiment of the device shown 
in Figures 1 1 A and 1 IB, with Figure 12A showing the device collapsed in a catheter C 
for deployment and Figure 12B showing the device in its dqiloyed configuration. In 
the embodiment shown in Figures 12A and 12B, the basket 270 is formed substantially 
the same as outlined above in connection with Figures 11 A and IIB. In the 
embodiment of Figures 12, though, the distal band 272 is affixed to the guidewire 260' 
at the distal tip of the guidewire. The guidewire 260' is of flie type referred to in the 
ait as a "movable core" guidewire. In such guidewires, a core wire 265 is received 
wiflun the lumen of a helically wound wire coil 266 and the core wire 265 extends 
distally beytmi the distal end of the coil 266. A thin, elongate safety wire 268 may 
extend along the entire lumen of the coil 266 and the distal end of the safety wire may 
be attached to the distal end of the coil to prevent loss of a segment of the coQ if the 
coil should bKik. 
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In the embodiment of Figures 11, the proximal ends of the tethers 290 are 
attached to a metal strap 292 which is itself attached the shaft of the guidewiie 260. In 
the present embodunent, the tethers are not attached to the core wire 26S itself. 
Instead, the tethers are attached to the coil 266 of the guidewire. The tethers may be 

5 attache/* to the coil by any suitable means, such as by means of laser spot welding, 
soldering or brazing. The t^ers 290 may be attached to the coil 266 at virtually an 
spot along the length of the coil. As illustiated in these drawings, for example, the 
tethers may be attached to the coil adjacent the coil's (Ustal rad. However, if so 
desired the tethers may be attached to the coil at a location space more proximally 

10 from the basket 270. 

An external cath^er such as that referred to in the discussion of Figures llA, 
but not shown in those drawings, is illustrated in Figures 12A and 12B. Once the 
basket 270 is deployed in a patient's vessel to substantially reach the ex|ianded 
configuration shown in Figure 12B and the basket has performed its intended filtration 

15 function, the external catheter C can be urged distally toward the basket 270. As this 
catheter is iirged forward, the tethers will tend to be drawn into the distal end of the 
catheter, which is substantially narrower than the proximal lip 286 of the basket. This 
will tend to draw the tethers down toward the guidewire and help close the basket, as 
e^qilained above. 

20 Figures 13-15 illustrate yet another alternative embodiment of a vascular trap in 

accordance with the present invention. This vascular trap 300 includes a basket 320 
received over a guidewirs 310. In most respects, the basket 320 is directly analogous 
to the basket 270 illustrated in Figures 1 1-12. The basket 320 includes a proximal 
band 322 and a distal band 324. As in the embodiment of Figures 12A and 12B, the 

25 distal band may be attached to the guidewire adjacent its distal end. If so desired, 
though, a structure such as is shown in Figures 11, wherein the guidewire extends 
distally beyond the basket, could instead be used. 

As best seen in its collapsed state (shown in Figure 12A), the basket includes a 
distal segment 325 and a proximal segment 326, with the distal end of the distal 

30 segment being attached to the distal band 324 and the proximal end of the proximal 
segment bemg attached to the proximal band 322. When the basket 320 is in it 
expanded configuration (shown in Figure 12B), the proximal segment 326 is received 
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within the distal segment 325, defining a proximal Up 328 at the proximal edge of the 
device. The wall of the basket thus fonned also includes a cavity 329 for trapping 
solids entrained in a fluid, such as emboli in a patient's blood stream. 

The basket 320 of Figures 13-15 is also shaped a little bit differcnUy than the 
basket 270 of the previous drawings. The primaiy difGeirace between these two 
baskets is that the basket 320 is a little bit shoiter along hs axis that is the basket 270. 
niis different basket shqie is waply intoided to iUustrate that the basket of a vascular 
ti^ in acooidance with the invention can have any of a wide variety of shapes and no 
particular significance should be attached to the slighUy differem shapes shown in the 
various drawings. 

In the vascular traps 250 and 250' of Figures 11 and 12, respectively, tediers 
were used to draw down the proximal end of the basket 270 to close the basket for 
letracdon. In the embodimem shown in Figures 13-15, though, the trap 300 includes a 
basket cover 340 positioned proximally of the basket 320. The basket cover may also 
be forined of a metallic tubular biaid and is also adapted to be adlapsed to lay 
generally along the outer smfece of the guidewire 310. The cover 340 is not directly 
affixed to the guidewhe at any point, though, but is instead intended to be slidable 
along the guidewire. As best seen in Figures 13 and 14 wherem the cover is in its 
colhq>sed state, the cover 340 includes a distal hypotube 342 and a proximal control 
hyponibe 344, with the distal hypotube brang attadied to the distal end of the cover 
340 and the proximal control hypotube 344 being attadied to the proximal end of the 
cover. 

The cover 340 is shown in its deployed, expanded configuration in Figure 15. 
As shown in that figure, the cover has a similar structure to that of the basket 320, but 
is oriented to be open distaUy rather that proximaUy, as is the bastet As best seen in 
Figures 13 and 14 wherein the covw is in its colhq>S6d state, the cover has a distal 
segment 352 and a proximal segment 354. When the cover is dq)loyed by urging it 
distally out of the distal end of the deployment catheter C, the covw 340 will tend to 
resiliently return to its expanded configuration and the distal hypotube 342 will slide 
axiaUy proximally along the guidewire toward the proximal control hypotube 344. 
This will invert the coUapsed cover so that the distal section 352 is generally received 
withm the proximal section 354, defining a distal lip 358 of the cover. 
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The piDxima] control hypotube 344 may extend along a substantial portion of 
the length of the catheter 310 so that it extends out of the patient's body when the 
device 300 is in place. By grasping the control hypotube and moving it relative to the 
guidewiie 310, an operator can control the position of the cover 340 with respect to 
5 the basket 320, which is affixed to the guidewires. As explained in more detail below 
in connection with the use of (he device 300, once the basket has been deployed and 
has been used to filter (dgects ntrained in the fluid (e.g. emboli in blood), the cover 
340 may be deployed and the trap may be drawn proximally toward the cover by 
moving the guidewire proximally with respect to the control hypotube 344. 

10 The inner diameter of the distal lq> 358 of the cover is desirably slightly laiger 

than the outer diameter of the proximal lip 328 of the basket. Hence, when the basket 
is drawn proximally toward the cover it will be substantially enclosed therein. The 
cover will therefore tend to trap any emboli (not shown) or other particulate matter 
retained within the cavity 330 of the basket. A retrieval sheath S may then be uiged 

15 distally to engage the outer surface of the cover 340. This will tend to cause the cover 
to collapse about the basket, tightly engaging the outer surface of the basket. This 
somewhat coU^sed structure can then be withdrawn from the patient's channel and 
removed from the patient's body. By ^closing the basket within the cover, the 
likelihood of any filtered debris within the basket being lost as the basket is retrieved 

20 will be substantially eliminated. 

The giudewire and the metal fabric can be of any diameter suitable for the 
intended application of the vascular trap 250, 250* or 300. In a preferred embodiment, 
the guidewire is b^een about 0.014" and about 0.038" in diam^er and the wires of 
the metal fabric used to form the basket (and the cover 340, if a cover is included) are 

25 between about 0.002" and about 0.006**. The thickness of the metal bands (272, 274 
or 322, 324) also is desirably in the range of about 0.002"-0.006*. 

In one paxticulariy preferred embodimem intended to be used in narrower 
vessels such as those encountered in cerebral and coronary qjplications, the guidewire 
has an outer diameter of about 0.014" and the wires of the metal fabric are about 

30 0.002" in diameter. The metal bands in this embodiment may also have a thickness of 
about 0.002" so that they will not be substantially wider than the collapsed basket. 
When the device is collapsed for deployment through a catheter, it will have an outer 
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diameter of about 0.018", pennitting the device to be used with catheters and other 
instniments adapted for use with a 0.018" guidewire. 

Figure 16 illustrates one embodiment of a molding element 370 which may be 
used in making a basket 270. Although the basket 320 and cover 340 of the trap 300 
are shaped somewhat diffeienfly, an analogous molding dement can be used for these 
portions of the trap 300 as wdl by simply modifying some of the dimensions of the 
molding element 370, but letaining the basic shsqie and structure of the molding 
dement n also should be understood that the molding dement 370 is merely one 
possMe molding dement for forming a shape such as that of the basket 270 and that 
any one of a variety of different mowing dements wiU be sgjparent to tho 

die art, as noted above in connection with Figures lOA-C. 

The molding dement 370 has an outer molduig section 372 definmg a curved 
inner surface 374 and an inner moldiiig section 376 having an outer surfiice 378 
substantially the same shapt as the curved inner surface 374 of the outer moldh^ 
section. Tlie inner incrtdii^ section 376 should be sized to be received within the outer 
molding section, with a piece of the metal fabric (not shown) being disposed between 
the inner and outer molding sections. In a prefierred emboduneot, the inner suifece 
374 of die outer mdding demmt and the outer surface 378 of the inner mohluig 
section each include a recess (375 and 379, lespectivdy) for iBodvmg an end of the 
braid. The molding surfBoe of this moldhig dement 370, to whfch the fabric wffl 
geneiaUy conform, can be consklered to incUide both the inner sut^ 374 of the outer 
molding section and the outCT surfiace 378 of the hm«r mokting section. 

In use, the two molding sections 372, 376 are spaced apart from one another 
and a length of a tubular braid of metal fabric (not shown in Rgure 16) is di^sed 
between these molding sections. Optimally, one end of the fiabric is placed in flie 
recess 375 of the outer molding section and the other end of the fabric is placed in the 
recess 379 in the hmer molding section. The inner and outer molding sections can 
tiien be urged generally toward one another. As the ends of the wire approach one 
another, the tubular biaid will tend to invert upon itself and a surfece of the tubular 
braid will generally conform to either the inner surface 374 of the outer molding 
section or the outer surface 378 of tiie inner molding section, arriving at a shape 
analogous to tiiat of ttie basket 270 of tfie traps 250, 250'. The two molding sections 



wo 96/01591 PCTAJS95/08613 

"37- 

can them be locked in place with respect to one another and the metal fabric may be 
heat treated to set the wires in this deformed configuration. 

The method in accordance with the present invention further includes a method 
of treating a physiological condition of a patient. In accordance with ttiis method, a 
medical device suitable for treating the condition, which may be substantially in 
accordance with one of the embodiments outUned above, is selected. For example, if 
a patent ductus aiteriosus is to be treated, the FDA occlusion device 80 of Figures 6A- 
6C can be selected. Once the appropriate medical device is selected, a catheter may 
be positioned within a channel in patient's body to place the distal end of the catheter 
adjacent the desired treatment dte, sudi as immediately adjacent (or even witliin) the 
shunt of die PDA. 

Medical devices made in accordance with the method of the invention outlined 
above have a pres^ expanded configuration and a colk^sed configuration which allows 
the device to be passed through a catheter. The expanded configuration is generally 
defined by the shape of the medical fkbric when it is deformed to generadly conform to 
the molding surface of the molding element. Heat treating the metal fabric 
substantially sets the shapes of the wire strands in the reoriented relative positions 
when the fabric conforms to the molding surface. When the metal fabric is then 
removed from the molding element, the fabric may defme a medical device in its 
preset expanded configuration. 

The medical device can be collapsed into its collapsed configuration and 
inserted into the lumra of the catheter. The coU^sed configuration of the device may 
be of any shape suitable for easy passage tluough the lumen of a catheter and proper 
dq)loyment out the distal end of the catheter. For example, the devices shown in 
Figures 5 may have a relatively elongated collapsed configuration wherein the devices 
are stretched along their axes. This coU^sed configuration can be achieved simply by 
stretching the device generally along its axis, e.g. by manually grasping the clamps IS 
and pulling them dpaiiy which will tend to collapse the expanded diameter portions 64 
of the device 60 inwardly toward the device's axis. The PDA occlusion device 80 of 
Figures 6 also operates in much the same fashion and can be collapsed into its 
collapsed configuration for insertion into the catheter by applying tension generally 
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along the axis of the device. In this regard, these devices 60 and 80 are not unlike 
"Chinese handcuffs", which tend to constrict in diameter under axial tension. 

Once the medical device is collapsed and inserted into the catheter, it may be 
urged along the lumen of the catheter toward the distal end of the catheter. This may 
be accompHshed by using a guidewire or the like to abut against the device and uige it 
along the catheter. When the device begins to exit the distal end of the catheter, which 
is positioned adjacent the desired treatment site, it will tend to resiUenUy return 
substantiaUy ratiiely to its preset expanded configumtion. Superclastic alloys, such as 
nitinol, arc particularly useful in this plication because of their ability to readily 
return to a particular configuration after being elastically deformed to a great extent. 
Hence, simply luging the medical device out of the distal end of the catheter trad to 
properly deploy the device at the treatment site. 

Although the device will tend to resiliently return to its initial expanded 
configuration (i.e. its shape prior to bring collapsed for passage through the catheter), 
it should be understood that it may not always return entirely to that shape. For 
example, the device 60 of Figure 5 is intended to have a maximum outer diameter in 
its e}q)anded configuration at least as large as and preferably larger than, tiie inner 
diameter of the lumen mwhidi it is to be dq>loyed. If such a device is deployed in a 
vessel having a small lumen, the lumen will prevent die device from completely 
i^uming to its ejqianded configuration. Nonetheless, the device would be properiy 
dq)loyed because it would engage the inner wall of the lumen to seat the device 
therein, as detailed above. 

If the device is to be used to permanently occlude a channel in the patient's 
body, such as the devices 60 and 80 described above may be, one can simply retract 
tiie catiieter and remove it from the patient's body. This wiU leave the medical device 
deployed m the patient's vascular system so that it may occlude the blood vessel or 
other channel in the patient's body. In some circumstances, the medical device may be 
attached to a delivery system in such a manner as to secure tiie device to the end of the 
delivery means, such as when the threaded clamp 90 shown in Figures 6 and 9 arc 
attached to a distal end of the delivery means, as explained above. Before removing 
the catheter in such a system, it may be necessary to detach the medical device from 
the delivery means before removing the catheter and the delivery means. 
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The devices of Figures 11-15 may be dq)loyed in much the same fashion 
outlined above. However, these devices 250, 250' and 300 arc advantageously 
deployed for use in conjunction with another medical device and will most frequently 
be retracted from the patient's body after use. 

5 For example, any one of these devices are suitable for use in conjunction with a 

balloon angioplasty procedure. In sudi procedures, catheters having inflatable balloons 
at their rads, referred to as balloon catheters, are positioned within a blood vessel so 
that the balloon is positioned within a stenosis. These balloons are positioned by 
tracking the balloon caAeter along a guidewire or the like; the balloons typically have 

10 a central bore therethrough. Once the balloon is property positioned, it is inflated and 
urges radially outwardly against the stenosis. This will tend to squeeze the stenosis 
against the walls of the vessel, improving patency of the vessel. 

When the stenosis is treated in this fashion, though, there is a risk that some 
debris will break free and enter the blood flowing through the vessel. If left 

15 unchecked, this embolus can drifi downstream and CTibolize a distal portion of the 

vessel. Depending on where the embolus comes to rest, the embolization can result in 
significant tissue or organ damage. This risk is particulariy acute in cardiac and 
coronary applications because the embolization can result in a myocardial infarction or 
heart attack, and in neurovascular and interventional radiological procedures the 

20 embolization can lead to a stroke or damage to brain tissue. 

In Older to prevent, or at least substantially limit, such embolization, a vascular 
trap 250, 250' or 300 of the invention can be used with the balloon catheter. The 
device should be sized to permit it to be passed through the lumen of the particular 
balloon catheter to be used in the angioplasty. 

25 In one embodimoit of a method for using such a vascular trap, the trap is 

deployed first. The basket (270 or 320) of the trap will be guided to a position located 
downstream of the desired treatment site through an introduction catheter (e.g. the 
catheter C in Figures 12-15). The basket is then urged distally beyond the end of the 
catheter, which will permit the basket to resiliently substantially return to its expanded 

30 configuration from its collapsed configuration within the catheter. Once the trap is in 
place, the balloon catheter can be exchanged for the introduction catheter, and the 
balloon catheter can track the guidewire (260 or 310) of the vascular trap. The 
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balloon can then be positioned within the stenosis and expanded, as outlined above. 
Once the angioplasty has been completed, the balloon can be deflated again and 
withdrawn pioximally out of the patient. 

In an alternative embodiment of the present method, the balloon catheter can be 
used to pezfonn the same function as peifoimed by the introduction catheter in the 
pieceding embodiment. In this raibodiment, the balloon catheter is poshioned in the 
patimt's vessel so that the distal rad of the balloon catheter is located downstream of 
the stenosis. The vascular tn^ (250, 2S0* or 300) of the invoition is thra passed 
through the lumen of the balloon catheter and the basket is ui^ed out of the distal end 
of the cathet^. The l^isket wiU lesifiently substantiaUy return to its prefene^ 
eqnnded configuration, whereupon the balloon catheter can be retracted along the 
shaft of the ^vice's gmdewire untU the balloon is prop^ly positioned within the 
stenosis. 

If so desired, the balloon catheter can instead be provided with a length of 
standard catheter extending distally beyond the distal end of the balloon. Hie balloon 
can then be poshioned within the stasis and the basket can be urged out of the distal 
end of the distal extrasion of the cath^er. In such an embodiment, the length of the 
c&stal extension of the catheter should be sufficient to properly position the basket with 
respect to the balloon when the basket exits the distal end of the catheter. This will 
elimmate the need to perform the separate step of retractii^ the balloon into position 
withm the stenosis after the basket is dqiloyed. The balloon can then be e?q»nded, 
deflated and withdrawn as described above. 

Much the same procedtue can be used to deploy a vascular trap of the invention 
for use in an atherectomy procedure. In such procedures, a cutting head is positioned 
at the distal end of an elongate, hollow shaft and the cutting head has a bore extendiiig 
therethrough. The tn^ can be deployed in either of the methods outlined above, but it 
is anticipated that in most instances the first procedure will be used, i.e. the basket will 
be deployed with an introduction catheter, which will be removed so that the cutting 
device can be guided over the guidewire of the vascular trap. It should also be 
understood that the device 250, 250' and 300 could also be used in other medical 
procedures in other bodily channels besides a patient's vascular system. 
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Since the trap is positioned downstream of the stenosis, any debris released 
during the pioceduie will tend to drift distally toward the basket and be caught therein. 
In order to prevent any emboli from simply floatmg past the trap, it is preferred that 
the pioxunallip (288 or 328) of the basket be at least as Luge as the lumen of the 
5 vessel. In a preferred embodiment, the natural dimension of the proximal lip (i.e. 

where the basket has fuUy returned to its expanded configuration) is somewhat greater 
than the vessel's inner diameter so that the basket will firmly engage the wall of the 
vessel. 

The method of retracting the basket will depend on which embodiment of the 

10 vascular trap is used, namely whether or not the device includes a cover 340. The 
device 250 or 250' of Figures 11 or 12, re^}ectively, do not include such a cover. 
However, they do include tethers 290 which extend proximally fiom the proximal lip 
288 of the basket to an attachment to the guidewire. In either of tiiese embodiments, a 
retrieval catheter can be introduced over the guidewire and urged distally toward the 

IS basket. As ejqilained above in Connection with Figures 11 and 12, this will tend to 
draw the tethers down toward the guidewire, effectively closing the proximal end of 
the basket 270. Once the bask^ is sufTiciently closed, such as when the proximal lip 
of the basket engages the distal tip of the retrieval catheter, the catheter and the 
vascular trap can be retracted together from the patient's body. By substantially 

20 closing the proximal end of the basket in such a fashion, any emboli which are 

captured in the basket when it is dq>loyed can be retained within the basket until it is 
removed from the patient's body. 

If so desired, a balloon catheter or like device can instead be used, with the 
balloon catheter being used to draw down the tethers 290 and collapse the basket. The 

25 vascular trap can then be withdrawn with the balloon catheter rather than having to 
separately introduce a removal catheter to remove the trap. 

In withdrawing the embodiment illustrated in Figures 13-15, the cover 340 is 
positioned over the proximal lip of the basket before the vascular trap 300 is retracted. 
Once the medical procedure is completed and any debris has been captured in the 

30 basket, the cover 340 is allowed to lesiliently substantially return to its expanded 
configuration. Once it is deployed proximally of the basket, the basket 320 can be 



PCmJS95/08613 

WO 96/01591 

- 42 - 

drawn proximaUy toward the cover 340 until it engages or is received within the 
cover, as noted above in connection with Figure 15. 

In actuaUty, the cover 340 may be unable to return to its full expanded 
configuration due to the confines of the vessel in which it is deployed. As explained 
previously, the cover 340 is desirably larger than the basket 320 so that the basket can 
be received within the cover. However, the basket is opdmaUy sized to engage the 
walls of the vessel to prevent the unwanted passage of emboU or other debris around 
the edges of the basket. Acooiduigly, the distal lip 358 of the cover will engage the 
wall of the channel before it expands to its fiiU size. The walls of mostbodUy 
channels, such as blood vessels, tend to be somewhat elastic, though. Hie cover 340 
will therefbre tend to urge haider against the wall of the vessel than the smaller basket 
and may stretch the vessel a little bit more than will the basket In this feshion, the 
cover may still be able to expand to a dimension large enough to permit the basket to 
be received in the cavity 356 of the cover, if not, the distal lq> 358 of the cover can 
simply be brought into dose engagemmt with the prmimal lq» 328 of the basket to 
genially seal die basket 

Once the cover 340 is brought into engagemoit wiOi the basket 320, whether by 
receiving the basket witiun the cover or, less preferably, engaging the Ups 358, 328 
of the cover and the bastet, the device can be withdrawn proximally from the patient's 
vascular system. The cover will tend to prevem any emboli caught in the basket 
during dq>loyment from being inadvertently lost during withdrawal. 

The vascular traps 250, 250' and 300 of the presmt invmtion therefore have 
distinct advantages over other vascular tr^ or filters cunentty known in the art. As 
explained above, most prior ait traps are difficuh and expensive to form and cannot be 
readily collapsed for retrieval. The present inventicm, though, provides a method for 
making the vascular traps 250, 250' and 300 which is both relatively inexpensive and 
less labor intensive, generally resulting in a more consistent product Uian prior art 
hand-fonning methods. Furthermore, the structure of the device and the methods 
outlined above for removing the device will fairly reliably prevent the inadvertent 
dumping of trapped emboli back into the bloodstream while the device is being 
removed. Since most prior ait tr^s and filters are much more difficult to use and are 
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more likely to dump filtered debris back into the bloodstream, the present invention 
can be substantially safer than these prior art systems. 

While a preferred embodiment of the present invention has been described, it 
should be understood thai various changes, adaptations and modifications may be made 
therein without departing firom the ^irit of the invention and the scope of the ^ypended 
claims. 
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WHAT IS CLAIMED IS: 

1. A trap for trapping particulate material entrained in a fluid within a channel 
of a patient's body, comprising a guidewire having a distal end and a basket carried by 
the guidewiie adjacent said distal end; the basket being adapted to strain the particulate 
material from fluid passing therethrough and comprising a metal fabric having first and 
second ends, at least one end of the fabric bong adapted to slide aloqg the guidewire; 
the metal fabric having a collapsed configuration wherein Ifae first and sec^ 
spaced from one another a first distance along die guidewire and the metal ftbric has a 
first diameter, and an expanded configuration wherein the first and second ends are 
spaced a second, shorter distance along the guidewire and the metal fiibric has a 
second diameter, the first diameter being less than the second diameter. 

2. A trs?) for txappia^ particulate material entrained in a fluid within a diannd 
of a patient's body, comprising a guidewire having a distal segment and a metal fiibric, 
the metal fiibric having a first end carried by the distal segment and a second end 

didaUe along the guidewire, the metal Ubnc being disposed adjacent the outer surface 
of the guidewire when the second end is spaced proxiinaliy of tfie first end and 
extending genetaUy outwardly of the guidewire when the second end is slid nearer the 
first end to define a particle-tricing screen. 

3. The trap of claim 2 whcmn Ae first end is affixed to the guidewiie. 

4. The ttap of claim 2 wherein the metal fabric is resilient and the second end 
wffl lesUiently sUde tcwwrd the first end to define the partide trapping screen when the 
ftibiic is not constrained. 

5. The trap of daim 2 txAierdn a first length of the metal fabric extending 
proximally from the first end defines a distal surfeu* of the screen and a second lengfli 
of the metal fibric extending distally firem the second end of the febric defines a 
proximal surfiice of the screen. 

6. The ttap of daim 5 wAierdn the screen is generally dome-shaped and the 
second length of the fabric is reodved within the first length of the fiibric. 

7. The tr^ of daim 5 wherdn a central portion of the metal fiibric defines a 
proximally-facing lip of the screen. 

8. The trap of daim 2 further coinprising a tether extending from said screen 
to the guidewire, the tether being attached at one aid to the guidewire. 
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9. The tiap of daim 8 wherein the screen has a peripheiy, the tether 
comprising a wire attached at each end to the guidewire and xtending about the 
periphery of the screen such that when the tether is drawn inwardly toward the 
guidewire it will act as a drawstring to oolk^ise the periphery of the screen toward the 

5 guidewire. 

10. The trap of daim 2 further comprising a cover formed of a metal £abric, 
the cover being slidable along the guidewire from a first portion spaced proximally of 
the screra toward a second position adjacent the screw. 

11. The tr^ of claim 10 wherein the cover has two ends, the cover being 
10 disposed adjacent the outer surface of the guidewire when one end is spaced 

proximally of the other end and cjrtending generally outwardly of the guidewire to a 
^f^mpuPT at least as great as an outer diameter of the screen when one end of the cofvex 
is slid nearer the other end. 

12. The trap of daim 10 wherdn the screen is generally dome-shaped and 
IS includes a proximally-iiacing lip, the cover in an eoqKUided configuration defining a 

recess sized to recdve the lip of the screen. 

13. The tr^ of daim 12 wherein die soeen has an outer diameter and the 
cover has an inner diameter greater than the outer diameter of the screen. 

14. A method of trapping particulate material entrained in a fluid within a 
20 channd of a patient's body, compriang: 

a) providing a metal fid>ric having a collapsed configuration wherein it has a 
first diameter and an esqianded configuration wherein it has a second, greats* diameter 
and defines a praximally-fiicing particle-receiving cavity; 

b) collap^ng ttie metal fabric into its collapsed configuration and urging the 
25 metal fabric along said channd to a dqiloyment site; 

c) permitting the metal fabric to resiliently substantially return to its escpanded 
configuraticm; 

d) allowing the fluid to flow through the metal fabric to trap a portion of the 
particulate material in the caviQr; 

30 e) at least partially closing the metal fabric to retain the trapped particulate 

materisd is retained witiiin a closed cavity; and 
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f) retracting the metal fiabric along the channel with the particulate material 

retained within the collapsed cavity. 

15. The method f daim 14 wherein the metal fabric in its collapsed 
configuration is urged along a catheter positioned within a lumen of the channel . 
5 16. Thcmelhodof daim 15 wherein the fiAric is aUowed to substantiaU 

return to its oqianded configuration by urging the fabric bqrond the distal end of the 
catfaet^. 

17. Tliemethodof daim 14 whevdn the inetal fabric is dosed by ur^g a 
cover into engagement with a distal portion of the metal fabric to retain the particulate 

10 material within the cavity. 

18. The method of daim 17 wherein Ae cover has an expanded configuration, 
further contprising the steps of collapsing the cover, urging the cover along the channd 
to a poation spaced proximaUy of fhe metal fiibric, and aIlowir« the cover to 
leafiendy substantially vrtum to its expanded configuration prior to urging the cover 

15 into engagement with the metal fabric. 

19. The method of daim 14 wfaerdn ttie metal fabric is carried by a guidewire 
and at least one tether extends from a prouindly-&dng Up of Ae fabric 

the guidewire, yAisttin ttie metal fabric is dosed by urging the tether down toward the 
guidewire to draw the lq> of the metal fibric toward the guidewire. 
20 20. The method of daim 19 wherdn the tether is urged toward the guidewire 

by urging a sheath distally along the guidewire toward the metal fabric, the sheath 
having an lumen smaller than the lip of the r^etal fabric. 
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